We present an overview of the physics of self-written waveguides created in photosensitive optical materials, including the experimental observations and the corresponding theoretical models for describing the growth of both bright and dark self-written beams. We discuss in more details the properties of self-written waveguides created in photosensitive polymers, which have been discovered in the recent experimental and theoretical studies. The self-writing process is essentially a nonlinear phenomenon, since the temporal dynamics depends on the optical exposure. Under appropriate conditions, permanent large changes in the refractive index are induced along the propagation direction of an optical beam, so that optical channels, or "filaments", appear as waveguides becoming "frozen" in a photosensitive material. We describe the growth of individual filaments as well as the interaction of several filaments, also making a comparison between the physics of self-written waveguides and the concept of spatial optical solitons in selffocusing nonlinear media.
Introduction
Optical self-action effects occur when the beam induces a change in the material refractive index when it propagates. Such effects are usually associated with the generation, propagation, and interaction of spatial optical solitons. 1 One of the important concepts that motivates the research on spatial optical solitons is their possible use as steerable self-induced waveguides that can guide other beams of different polarization or wavelength.
In order to "freeze" the soliton-induced waveguides, one can use photosensitive materials which experience long-lasting refractive index changes in response to illumination at specific wavelength. 2 The physics of self-writing is based on the self-action of light, and therefore it should be compared to the physics of spatial solitons. Indeed, a photosensitive material experiences long-lasting refractive index changes in response to illumination at specific wavelengths, and the larger changes in the refractive index occur in the regions with higher intensity of light. This process results in creation of a waveguide-type structure which can reduce or even completely suppress the beam diffraction. Such a self-written channel, unlike the spatial soliton, subsequently stays in the material after the illumination is removed. The fundamental question then is whether the properties of such selfwritten waveguides are similar to the properties of spatial solitons. This analogy is especially important due to the interest in writing multiple waveguides and optical components, such as Y-and X-junctions. It has already been demonstrated that such optical devices can be induced by colliding solitons, and one can try to create these components in a similar way by intersection two (or more) self-written waveguides.
Self-writing phenomena, similar to self-focusing and self-trapping of optical beams, have been observed in a number of photosensitive optical materials, including photopolymers, such as a liquid diacrylate, chalcogenide glass, and photopolymerizable resin. Despite the differences in the photosensitivity mechanisms of various materials, similar phenomenological models can usually be applied to describe the self-writing process.
In this paper, we present an up-to-date overview of the physics of self-written waveguides in photosensitive optical materials, including the first experimental observations, the theoretical models for both bright and dark self-written waveguides, and more recent theoretical and experimental results on self-written waveguides and their interaction in photosensitive polymers. We describe the growth of individual filaments as well as the interaction of several filaments, making a comparison between the physics of self-written waveguides and the concept of spatial optical solitons in self-focusing nonlinear media.
The paper is organized as follows. In Sec. 2 we describe the fundamentals of the physics of self-writing, some historical perspectives and the first experimental observations, and also introduce the basic concepts of the modeling of the process of self-writing induced by one-and two-photon absorption processes. In Sec. 3 we discuss the self-written waveguides in photosensitive polymers, including the experimental results on the waveguide growth and interaction, as well as the improved analytical models that account for many features observed in experiments. At last, Sec. 4 concludes the paper.
Self-Written Waveguides in Photosensitive Materials 393 Fig. 1 . Top: a beam incident on a photosensitive planar waveguide initially diffracts, as sketched, and the refractive index begins to change in response to this illumination. Bottom: over time the beam is guided by the waveguide it has self-written in the waveguide. 2 
Physics of Self-Writing Effects

An overview and historical perspectives
Self-writing is a relatively new area of research; one of the first evidence of a selfwriting process was reported in 1992, 3 although the dynamics of the process was not clearly understood. Later, Frisken 4 performed the self-writing experiments in UV-cured epoxy, and since then self-writing has been observed in a number of different materials such as photosensitive glass, photopolymers, photopolymerizable resins, etc. The physics of self-writing is very similar to the physics of spatial solitons, and it is based on the self-action of light. Let us consider a Gaussian beam incident on a uniform planar waveguide (see Fig. 1 ) made of a photosensitive material, i.e. the material that experiences long-lasting refractive index changes in response to illumination at specific wavelengths. The "photosensitivity" produces the largest changes in refractive index, which depend on the light intensity. The beam initially diffracts in the plane of the waveguide (solid lines in Fig. 1, top) , but then it forms a region of raised refractive index along the propagation axis. This reduces the beam diffraction, and the beam becomes confined to the channel it has created. If the writing beam is left on, over time the refractive index distribution evolves into a fairly uniform channel waveguide along the propagation axis (see Fig. 1, bottom) . This is a self-written waveguide because the beam of light that creates the waveguide is subsequently guided by it. Such a self-writing process is not restricted to the planar waveguide geometry, and waveguides can also be self-written in bulk photosensitive materials.
The self-writing process has been investigated experimentally for a number of photosensitive materials. As was mentioned above, one of the first evidence of a self-writing process was reported in 1992 by Brocklesby et al., 3 who reported the experimental results on optically written waveguides in ion implanted Bi 4 Ge 3 O 12 . Independently, experimental results on waveguide self-writing was reported by Frisken 4 who showed that permanent waveguide up-tapers can be formed in UVcured epoxy using 532 nm light. Frisken used a commercially available epoxy (containing acrylic acid and hydroxypropyl methacrylate) which exhibits permanent refractive index changes in response to light at 532 nm. Initially the material Fig. 2 . Photographs of the luminescence distribution, taken from above. Light is incident from the left. In the upper photograph, there is no channel waveguide, and so the beam diffracts. The lower photograph is at the channel position, where the beam confinement is much better. 9 has a uniform refractive index and the light is confined in two dimensions. In the experiment the beam of light self-writes the uptaper which guides it through the epoxy, and as the index changes are long-lasting, uptapers written in this way can subsequently be used at other wavelengths.
Hill et al. 5 launched 488 nm light into a germanium-doped optical fiber and observed (on the time-scale of a minute) that the fiber reflectivity increased suggesting that the refractive index increases in response to illumination. In those experiments, the glass photosensitivity leads to the patterning of a grating in the core, i.e. the grating is self-written. Later, it was shown 6 that photosensitivity at 488 nm is a two-photon absorption process, and it was suggested that self-writing may occur for one-photon wavelength of 244 nm, and this was demonstrated for a grating imprinted via photosensitivity. 7, 8 Photosensitive refractive index changes in glass are long lasting, and although heating accelerates the ageing of photosensitive index changes, for practical purposes they can be considered to be effectively permanent.
There are several experiment done for the self-writing in photosensitive glass. Monro et al. 9 reported the observation of self-trapping of light in a self-written channel in a photosensitive germanosilicate glass waveguide by a two-photon absorption process. As the refractive index changes induced in the glass are permanent, the resulting channel was observed to be also permanent.
In their experiments, Monro et al. 9 used an 11 mm long silica planar trilayer on a silicon substrate with a 3 mm thick photosensitive core layer containing 8% germanium. This layer was sandwiched between two undoped silica layers with a refractive index 0 : 022 lower than the core. The structure was grown using hollow cathode plasma enhanced chemical vapor deposition process, that is capable to produce low loss, non-porous germanosilica with high intrinsic photosensitivity.
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A refractive index change of 10 −3 was obtained in this material, which reduced the width of the propagating beam by a factor of 13 over this experiment.
A strong red luminescence was observed during the writing process, and that gives an indication of the beam intensity throughout the slab during the evolution of the self-written waveguide, as shown in Fig. 2 . The upper half of Fig. 2 shows a photograph of the luminescence at an unexposed position on the trilayer. Light is incident from the left of the photograph, and a filter was used to block out the writing wavelength. The lower half shows the luminescence at the exposed position. The beam-width on the right (i.e. the output edge) is clearly smaller at the location of the self-written channel. After some time, the index change grows large enough to counteract the initial diffraction of the incoming beam, and the beam is focused into a waist developing the so-called "primary eye". 11 Comparisons with numerical simulations indicate the qualitative agreement between the experiment and numerical simulations.
Self-writing has now been observed in a number of photosensitive optical materials. This includes writing permanent waveguide up-tapers in UV-cured epoxy, self-trapping and self-focusing observed in photopolymers such as a liquid diacrylate polymer, 12,13 self-writing in planar chalcogenide glass which can be modeled well as a two-photon process, 14 the observation of the growth of self-written fibres 15, 16 and their interaction 17 in a photopolymerizable resin, micro-fabrication by use of single-18 and two-19-22 photon polymerization, and even not yet well understood self-writing in undoped glass by femtosecond infrared laser pulses. 23 Although the microscopic details of the index change mechanisms vary significantly between the different materials used in these self-writing experiments, the simple phenomenological models can be adapted to apply to a broad range of photosensitive optical materials.
Theoretical models
In order to explain many of the experimental results, we should employ an appropriate model that describes the growth of self-written waveguides in a photosensitive optical material. Both glass photosensitivity and photopolymerization occur slowly relative to the time taken for optical propagation in the material, and so at any given time the light distribution can be described by a "stationary" wave equation for the electric field envelope 2 complemented by an appropriate equation for the change of the refractive index. Monro et al. 24 suggested one of the first models for self-writing (see also Refs. 12, 13) based on the scalar wave equation nonlocal in time. Using the slowly varying field envelope E and assuming the paraxial approximation, we can write the equation in the form
where ∆n is a change of the refractive index, α is the attenuation coefficient, ∇ 2 ⊥ is the Laplace operator in the transverse coordinate system (R). Here k 0 = 2π/λ is the wave number in vacuum, n 0 is the initial value of the refractive index. Equation (1) has a standard form of the parabolic equation, however its third term is timedependent, and it accounts for light-induced changes of the refractive index due to the material photosensitivity. Additionally, the last term describes the effect of material loss. If the material losses are not significant, the last term in Eq. (1) can be neglected, and the corresponding normalized equation can be written as following,
where E = E/E 0 is the normalized complex electric field envelope, and the dimensionless variables are the following: z = Z/a is the propagation distance, r = R/a is the spatial coordinate in the transverse plane,
is the diffraction coefficient, and ν = ∆nak 0 . Here a is the characteristic beam width, t 0 defines the time scale, and ∆n(z, r, τ) is the refractive index change due to the photosensitivity process. We define the normalized power as P = |E| 2 dr, which is a conserved quantity of Eq. (2) .
In order to describe a change of the refractive index, one can use the fact that for 488 nm light the induced index change is proportional to the squared writing power, 6, 25 which suggests a local two-photon model,
where I(z, t) = |E| 2 is the local light intensity and the coefficient A depends on material properties. 26 Typically the index increases in the illuminated regions (A > 0).
27 Equation (3) is a local model in space because the index change depends only on the history of the illumination at that position. Monro et al. 9 showed that the evolution of a self-written channel in a photosensitive germanosilicate glass waveguide agrees well with theoretical predictions based on the analytical model (3) .
By analogy with Eq. (3), it might be expected that for the one-photon model we should take
However, single-photon photosensitivity seems to be a more complex process, 2 and it is not completely understood yet. One of the possible theoretical models that describes well the self-writing process in photopolymers is discussed below.
Self-writing in a photosensitive glass
In general, a simple phenomenological model is used to describe photosensitivity of many materials such as glass. Experimental observations are consistent with index increases, and so it is sufficient to model index increases by Eq. (3) or Eq. (4), respectively. Although these models serve well when the index changes are small, it is sometimes necessary to incorporate saturation effects. The index change saturates to ∆n s , and the increase in ∆n slows exponentially as ∆n s is approached. The saturation model has been used in both photopolymers 12 and photosensitive glass 9 and in each, it provides a good agreement with experimental data. Note that it also Hence the evolution of the refractive index is described using the model
For a one-photon photosensitivity process, p = 1, and for a two-photon process, p = 2, so that in the low saturation regime Eq. (5) reduces to Eq. (4) or Eq. (3), respectively. The real coefficient A p > 0 depends on p, the material properties, and the wavelength of the writing beam.
To summarize, the self-writing process is described by two coupled Eqs. (2) and (5), along with an initial condition for the incident beam at the medium boundary. In the case of a negligible saturation effect, ∆n s → ∞, these equations possess some interesting self-similar solutions 28, 29 but, in general, the model equations should be analyzed numerically. Results of these numerical simulations applied to the self-writing process are given in Refs. 2, 12, 13, 24, 11, 30 and 31. In the numerical simulations first presented by Kewitsch and Yariv, 12 the intensity profile was computed by the beam propagation method, incorporating the transparent boundary condition and the measured index evolution. Twodimensional numerical simulations exhibit self-trapped solutions to the nonlinear wave equation for low average optical intensities. Figure 3 illustrates the electric field amplitude of the self-trapped Gaussian beam in a photopolymer liquid. The waist of the beam is located at the input surface of the photopolymer. The beam width at the input is equal to two wavelengths, and the propagation distance is 500 wavelengths. Note that the horizontal scale is magnified by a factor of 10 compared with the vertical scale, to improve the transverse resolution. The left-most simulation illustrates the evolution of the beam through the homogeneous photopolymer before any index changes are induced. The time steps from the left to the right are in units of 5t 0 , t 0 is a parameter chosen here to equal the time needed to attain the critical exposure at the location of maximum intensity of the optical beam. Self-trapping of the optical beam is apparent after an exposure of 15t 0 . The oscillations in the beam diameter evident are typical for self-trapped beams, and form due to the fact that during the evolution of the refractive index change the waveguide becomes deep enough to support more than one mode, which then beat to produce oscillations. The background absorption length is 103 wavelengths, so self-trapping terminates in approximately this distance.
Dark self-written beams
We should also mention that light beams can experience self-defocusing. Such phenomenon can happen in poly(methyl methacrylate) polymer doped with laser dye (known as PMMA/DCM), where the nonlinear mechanism of upconverted photobleaching of the dye-doped polymer leads to a decrease of the value of the refractive index. 32 In such a medium, bright Gaussian beams create anti-waveguides, which enhance diffractional beam broadening. As this happens, the beam energy concentrates in the periphery, the intensity in these regions increases, and the beam breaks up into filaments. It was found that the simple numerical model presented earlier [Eqs. (2) and (5)] can be modified to describe a decrease in index, and that this model gives good agreement with the experimental refractive index evolution. The beam break-up may seem to be reminiscent of modulational instability of optical beams in nonlinear media. However, it is worth noting that there is an important difference: filamentation does not normally occur in instantaneous self-defocusing media.
It is well established in the field of nonlinear optics that dark solitons can form in self-defocusing nonlinear media. 33 Such solitons appear as "holes" in a uniform background, and there is a phase shift across the soliton location. It was demonstrated that such self-supported propagation can also happen in materials experiencing photobleaching. 34, 35 A laser beam was sent through a π-step phase mask and had a dark notch in the center. Therefore, the refractive index remained unchanged in the central region, but was decreased due to photobleaching in the surrounding regions, i.e. an optical channel waveguide was self-written in the medium. The intensity of CW radiation required to build it is below 1 kW/cm 2 . This intensity is comparable to that used to build dark spatial solitons in photorefractive materials. This waveguide supported a stable propagation of input beam, which closely resembled a spatial dark soliton. Moreover, since the changes in the refractive index were permanent, the formed waveguide could also be used to trap a weak probe beam and guide it in the waveguide direction. The probe frequency can be chosen to eliminate additional photobleaching. One possible application of these permanent light-induced waveguides is in networks of optical interconnects between linear arrays of optical transmitters and receivers. The demonstrated possibility of trapping one beam by the other is a sure evidence that such interconnects will be tolerable to possible displacements of transmitter and receiver lines with respect to each other.
Recently, Ljungström and Monro observed many similar effects in a bulk geometry, using Nd-doped Bk7 glass. 36 When this material is illuminated at 488 nm, a decrease in the refractive index of order of 10 −4 can be induced. It was experiSelf-Written Waveguides in Photosensitive Materials 399 Fig. 4 . Evolution of a self-written pipe structure using a Laguerre-Gaussian first-order donut beam with a peak-to-peak value of 30 µm. 36 mentally demonstrated 36 that, similar to the earlier works by Sarkisov et al., 32, 34 it is possible to use self-writing to enhance the divergence of a Gaussian beam. Numerical simulations were also performed using a first-order Laguerre-Gaussian "donut" writing beam. Figure 4 shows contour plots (along one of the transverse directions) of the refractive index at different times (a.u.) during the evolution. It can be seen how the induced region of low index (white) spreads outwards over time as the diffraction of the beam increases, but also how the low index region grows inwards towards the center of the sample and thereby creates a uniform channel waveguide of unexposed material (black) with relatively higher refractive index in the center. Investigations were also made into the propagation characteristics of the channel formed within the pipe structures. This was done by sending a Gaussian beam of a longer wavelength through the structure and it was found that the light could be guided and so the depressed index pipe structures can subsequently be used to guide light of different wavelengths. Hence these simulations show that it is possible to self-write complicated waveguide structures simply by modifying the writing beam.
Photosensitive Polymers
Experimental results
Several groups reported the growth of self-written waveguides in photopolymers by using a one-photon absorption process (see, e.g. Refs. 16 and 20) . In particular, Kagami et al. 16 fabricated three-dimensional (3D) optical waveguides in a photopolymerizing resin (PR) mixture solution by using a multi-mode optical fiber, without any moving parts. The main core of the waveguide was formed by a selective photopolymerization of a higher refractive index monomer by Ar + laser irradiation through the optical fiber. A continuous straight waveguide was grown by the self-trapping of a guided laser beam, as shown in Fig. 5 . They also demonstrated automatic 3D optical circuit formation that enables regrowth after passing through thick transparent glass plates. This growth mechanism also enables automation of the optical interconnection and packaging process, and could potentially contribute to future expansion of optical fiber communications networks.
As a photosensitive optical material, Shoji and Kawata 15 also used a PR solution where single and multiple self-written waveguides (they called them "fibers") can be grown by a one-photon absorption process. For the experiments, they used PR in the form of a liquid urethane acrylate photopolymer (SCR-500: Japan Synthetic Rubber Co., Ltd) filled in a glass cell, and the beam focused on the entrance face of the cell. The PR initial refractive index (before the illumination) is 1.53, which increases to 1.55 gradually with the photo-polymerization reaction. In order to study the beam collision, a light beam operated from a He-Cd laser (λ = 441.6 nm) is split into two beams, which are then focused onto the resin, simultaneously or with a delay.
The most interesting results reported by Shoji et al. 15, 17 is the first experimental and theoretical study of the interaction between two self-written waveguides. In order to have two colliding beams, the optical axes of two beams were made to intersect inside the PR so that the two waveguides growing simultaneously from the two beam spots collide eventually with each other inside the photosensitive material. The resulting polymerized structure is observed by a charge-coupled-device (CCD) camera from a side of the sample cell. Figure 6 (a) shows that when two self-written waveguides collide with each other simultaneously, they can merge to form a single waveguide. The power of each input beam is 0.1 mW, the exposure time is 2 s, and the input beam width is 0.96 µm (the numerical aperture of the focusing lens is 0.23). Similar to the interaction of two solitons, 1 the merging of two self-growing waveguides strongly depends on the collision angle between them, as was discovered in Ref. 15 . In the PR used, the merging does not occur when the collision angle is larger than 9
• . In the experimental results discussed below, the collision angle is 6.4
• , which is lower than the critical value, so that the growing waveguides always merge after collision. In the case of Fig. 6(a) , after merging the waveguide is growing along the direction that bisects the angle between two waveguides which formed before the collision, • , the exposure time and input beam width are the same as in Fig. 6(a) . The growing direction of the merged waveguide is tilted towards the optical axis of the beam with higher input power, in comparison to the case of the symmetric input powers. The similar effect is observed when two beams are launched one after another, as shown in Fig. 6(d) . In this case, the resulting self-written waveguide follows the direction of the beam that enters the medium first. This effect is in a sharp contrast with the interaction of spatial solitons of unequal amplitudes. 
Improved analytical models
The photopolymerization process in a photosensitive resin was found to be more complicated than, e.g. in a photosensitive glass. First of all, the polymerization reaction is initially delayed (see, e.g. Ref. 12 ) and, for a given exposure time, the polymerization can occur only in the regions where the light intensity exceeds a certain threshold. In order to take into account this process, Shoji et al.
17 modified the conventional model to account for the threshold-type polymerization rate dependence on the light intensity, and defined the temporal evolution of the refractive index change ∆n(r, z, τ) as follows
where, for simplicity, a temporal delay for the intensities above the threshold is neglected. Here ∆n s is the maximum refractive index change, I th is the normalized threshold intensity, and A is a coefficient characterizing the polymerization rate. It turns out that this modified model provides an excellent qualitative agreement with the experiment. Shoji et al. 17 performed numerical simulations for the (1+1)-dimensional (waveguide) geometry, taking the input as a Gaussian beam, E 0 (x) = E m exp(−x 2 /x 2 0 ), with the full-width at the half-maximum (FWHM) of intensity distribution x 0 √ 2 ln 2. Such a beam has the normalized power P = E 2 m x 0 π/2. The refractive index profiles corresponding to the self-growing waveguides are shown in Figs. 7(a)-(c) , and the corresponding intensity distributions in the waveguide cross-sections are shown in Figs. 8(a)-(c) . For comparison with thresholdless models (see, e.g. Refs. 2 and 12), Fig. 7(a) presents the case of zero threshold (I th = 0), when the corresponding self-written waveguide becomes broader away from the input face, developing "eyes" at the input, as observed in photosensitive glass. However, these features are not observed in a resin, and, in contrast, the waveguide width is stabilized when the threshold is taken into account, see Figs. 7(b) and (c). This is exactly the behavior which is observed experimentally in photopolymerizable resins, 15 see Fig. 5 . Importantly, Eqs. (2) and (6) possess stationary solutions describing self-written waveguides with constant width away from the input face. Due to the saturation effect, the profile of a single waveguide is (up to a constant shift in the transverse direction)
where d is the width. On the other hand, the optical modes of this waveguide should satisfy the self-consistency relations following from Eq. (6), i.e. |E(x)| 2 < I th for |x| > d/2 and |E(x)| 2 > I th for |x| < d/2. These relations uniquely define the optical field profile if asymmetric modes are not excited, and the waveguide supports only a single symmetric mode, which is the case for d < 2π D/ν s ,
where ν s = ν(∆n s ), q = (ν s − β)/D, and p = β/D. The propagation constant β should be chosen to satisfy the continuity of E(x, z), which leads to the condition tan(qd/2) = p/q. Then, we find that a waveguide supporting a single symmetric mode can be formed if I th < I max < 7I th . These analytical results explain the stabilization of the waveguide width and suppression of beating as the threshold is increased in numerical simulations.
Numerical simulations confirm that, when the threshold is low, several modes are excited inside a self-written waveguide (we note that, for a symmetric input in the form of Gaussian beam, only even modes can be excited). This is indicated by a periodic beating of the light intensity due to the interference between the first two even modes, as demonstrated in Figs. 9(a) and (b) . However, as the threshold is increased, the periodic beating disappears, see Fig. 9(c) . This happens because the waveguide width is reduced for higher thresholds, as shown in Figs. 8(a)-(c) , and only the fundamental symmetric mode is supported by the waveguide shown in Fig. 7(c) .
It is also interesting to compare the temporal dynamics of the self-written fibers. Theoretical predictions and experimental results are compared side-by-side in Fig. 10 . We see that the growth rate is almost constant in time, both in theory and experiment. This happens because the power losses do not exceed 20% at the fiber length, as measured in the experiment. We performed additional numerical simulations, taking into account the absorption effects, and confirmed that low losses do not qualitatively affect the growing process. Specifically, the fibers continue to grow in an almost self-similar regime, whereas the growth rate is only slightly reduced as the fibers get longer.
Interaction of self-written beams
We now consider, in the framework of the improved theoretical model, interaction between two waveguides formed by inclined input beams. First, we analyze the effect of the varying power ratio between two beams. As is shown in Figs. 11(a)-(d) , after the collision point the waveguide direction is determined by the more powerful beam. This feature agrees well with the experimental observations presented above in Figs. 6(a)-(c) . Indeed, after the two waveguides merge, the remaining waveguide is steered towards the inclination angle of the more powerful input beam.
Next, we study the dependence of waveguide interaction on the collision angle and find that the waveguides can merge only at small collision angles, but pass through each other when the collision angle is increased above some threshold, see Figs. 11(e)-(h). This result is also similar to the reported experimental data. A similar property is observed for spatial optical solitons, which can pass through Finally, we analyze the effect of temporal delay between the two input beams. Characteristic results of numerical simulations are presented in Figs. 12(a)-(b) . When the delay is small, fibers merge, and the propagation direction is inclined towards the inclination angle of the beam which was first launched into the medium [see Fig. 12(a) ]. This results agrees with the experimental observations, which are presented in Fig. 6(d) . If the delay time is increased even further, then the two fibers can merge together, but then split apart further away from the medium boundary, as shown in Fig. 12(b) .
Conclusion
Using several examples, we have demonstrated the richness of the physics underlying the dynamics of the self-writing process and creation of self-growing waveguides in photosensitive materials. We have provided a brief overview of the historical perspectives as well as the state-of-the-art in the physics of waveguide self-writing, and also discussed the most recent results on the dark self-written beams and the experimental results on writing multiple (independent or interacting) filaments in photopolymerizable resins.
We have pointed out that the most recent advances demonstrated for self-writing in photopolymers require the development of novel, improved theoretical models that would allow to describe a number of important effects observed in experiments. In particular, the improved theoretical model we have suggested above accounts for many of the important features, however there remains a number of discrepancies between the theory and experiment. We hope that our review can stimulate the further progress in this fascinating area of research.
